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Differentiation of maize inbreeds in order to assess their degree of relationship and their classification in germoplasm groups 
or in heterotic groups is performed by different methods. For the primary differentiation the method of pedigree is used, which 
gives us information on the origin of the initial material of selection. Assessing the degree of relationship of a set of lines created 
din SRR Comp. A (Comp. B) and Tu SRR Comp. B (Comp. A) and the heterosis study of the hybrids resulted from the inbred 
lines obtained from Tu SRR Comp. A (Comp. B) and Tu SRR Comp. B (Comp. A). The biological material used is represented 
by F1 hybrids realised in some radial crossbreeding systems of type (4) p (p-1) / 2 respectively 8 inbred lines, 28 hybrids tested in 
2 years and 4 repetitions. The field experiences on the hybrids were performed at ARDS Turda in the years 2013-2014, after the 
model of randomized blocks, in four repetitions, on a plot size of 7.0 m2, at a density of 60,000 plants / ha. Calculation of heterosis 
for grain yield was the lowest value identified in crossing lines TD 337 x TA 426 obtained from Tu SRR Comp. A (Comp. B) x 
Tu SRR Comp. A (Comp. B) 36.5% which shows that these lines are close in terms of genetic (by Musteata and Mistret, 2002), 
and the value of 184.7% of heterosis for grain yield that we meet F1 hybrids made between lines Tu SRR Comp. A (Comp. B) x 
Tu SRR Comp. B (Comp. A) it shows that these lines are alternative groups of genetically (by Musteata and Mistret, 2002). After 
the heterosis calculation of the characters studied the highest value was found in the case of the crossbreeding lines obtained from 
Tu SRR Comp. A (Comp. B) x Tu SRR Comp. B (Comp. A) and the lowest values of heterosis derived from crossbreeding of the 
lines obtained from the same composite Tu SRR Comp. A (Comp. B) or Tu SRR Comp. B (Comp. A). 





In this paper we proposed presenting research 
on evaluating the relationship to a set of lines, created 
two composite Tu SRR Comp. A and Tu SRR Comp. 
B. The modern tendency is to obtain inbred lines as 
productive, with high degree of adaptability, through 
the accumulation of genes with additive effects, but 
also potentially high cross. 
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In a study 1999, Duvick highlight progress in maize 
breeding by accumulating cycles in advanced inbred 
lines of genetic factors and certain favorable genes 
highly adaptable, by introgression of exotic 
germplasm modern genotypes [5]. 
History of the two populations composite 
begins in 1985 when it was decided to constitute two 
composite model based on heterotic B73 x Mo17 [7]  
The hybrid combination B73 x Mo17 and its 
variants (earlier or late) the late twentieth century 
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occupied more than 60% of the corn in the Corn Belt 
calculated by the US [7, 16]. 
 For this reason, it was considered useful to 
form two composite populations, with the base late 
lines B73 (for Comp. A) and Mo17 and C103 for 
Comp. B line B73 belongs Stiff Stalk Synthetic and 
lines Mo17 and C103 are part of Lancaster Sure Crop 
germplasm group. 
For Comp A were mainly as parental forms 
A632, CM105, TB329 and T291, and Comp B 
besides the two inbred lines of Lancaster Sure Crop 
were used as a form of parental T248, W633 and 
TC208.   
Considering the genetic basis of the two 
populations it was appreciated that they may be 
considered from different heterotic groups 
respectively SSS and non SSS. 
 It is necessary that heterotic groups which is 
composed of germplasm that have crossed group of 
other combination to produce hybrids perform better 
than if the crossing would be made within the group 
heterotic.   
Evolution considered heterotic groups, should 
be considered, to detect in parallel, wardrobe can use 
fixed concomitant accumulation of favorable genes 
in each of the two populations composite (additive 
effects) and to harness, by crossing, non-additive 
effects [7].  
Currently it is used as a reference for this type 
of selection and improved germplasm to create 
inbred lines, heterotic groups of narerial BSSS and 
non-BSSS [9]. For establishing relations between 
various sources of germplasm and genetic diversity 
of inbred lines were used various methods: 
 - pedigree method provides genealogical 
information on the origin of original material 
selection [12,14]. 
- lines based on morphological characters 
associated phenotypic classes as recommended by 
UPOV; differences after a character or more is 
considered as confirmation of the level of distinctness 
[4, 8, 12]; in literature heterosis values below 25% is 
considered significant and compared the genotypes are 
classified as genetically similar [13]. 
- genetic method is discriminatory element 
level of heterosis for grain yield, achieved crosses 
topcross systemic type or diallele. This simple 
method is more appropriate to use, meets the 
objectives of choice and is often practiced by 
breeders [1, 4, 6, 10] 
- biochemical and molecular technologies 
based technologies for DNA fingerprinting were 
shown to be useful in studies of genetic similarity on 
the basis of PCR, RAPDs, SSR and AFLPs [11, 15]. 
The objective of this study was to evaluate the 
relationship of kinship and / or genetic diversity 
between eight inbred lines created from ARDS 
Turda, using specific methods: 
- method phenotypic analysis based on 
biometrics; 
- method genetic-based:     
- pedigree analysis; 
-correlations to the genetic parameters;  
- intensity manifestation of heterosis. 
 
2. Material and Method 
 
The objectives were achieved using 8 inbred 
lines, 4 lines derived from Tu SRR Comp. A (Comp. 
B) belonging to the group germplasm derived from 
BSSS and 4 lines Tu SRR Comp. B (Comp. A) 
belonging to the group Lancaster germplasm. 
 
 




Inbred line Origin Genealogy 
Inbred lines BSSS group 
1. TD 337 Sel. Turda Comp.A H-8-1-2 
2. TA 426 Sel. Turda Comp.A H20-2-4- 
3. TA 428 Sel. Turda Comp.A H33-1-2- 
4. TA 422 Sel. Turda Comp.A 6088-1-1 
Inbred lines Lancaster group 
5. TC 385 A Sel. Turda Comp.B H60-1-1- 
6. TC 384 A Sel. Turda Comp.B H46A-1-2- 
7. TC 398 Sel. Turda Comp.B H77-6-7- 
8. TC 399 Sel. Turda Comp.B H84-6-7- 
 
 
The biological material used is the F1 hybrids 
realized in (4) p (p-1)/2 type diallel crosses [3], 
meaning 8 inbred lines and the resulting 28 hybrids.  
The inbred lines and the hybrids were 
experienced in 2 years and 4 repetitions. Field 
experimentation of the hybrids and their parental 
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genotypes was conducted at the Agricultural 
Research and Development Station Turda in 2013 
and 2014 on plots of 7.0 m2 on randomized blocks 
with four repetitions at a density of 60,000 plants/ ha. 
 Heterosis were used to calculate grain yield 
data and highlighting kinship ties between the lines 
was carried out by estimating heterosis using 
classical formula H = (F1-P/P) x 100, where H = is 
the percentage expression of heterosis, F1= the 
production and generation hybrid and P= the average 
value of production in the parental forms. Climatic 
condition during the growing season from May to 
September in the two years of experimentation 
(2013-2014) were different.Year 2014 was more 
favorable maize crop, due to a surplus of rainfall 
regime and thermal normal in June, July and August.  
The year 2013 is presented in terms of normal 
precipitates during the growing season of maize, but 
noting that July was a deficit of 39.1 mm rainfall what 
influenced pollination and grain yield per hectare in 
terms of temperature and in 2013, we can say it was 
 
 
a warm year throughout the growing season of maize. 
In order to determine the factors involved in 
the expression of traits were used the analysis of 
variance and the orthogonal decomposition of 
variants components variance. The variance of 
hybrids has been decomposed into: 
- variance of hybrids with parental forms from 
Tu SRR Comp. A (Comp.B) 
- variance of hybrids with parental forms from 
Tu SRR Comp. B (Comp.A) 
- variance of hybrids with parental forms from 
Tu SRR Comp. A (Comp. B) x Tu SRR 
Comp. B (Comp.A) 
- comparison between hybrid groups. 
It can be seen from eight inbred pedigree 
analysis in the study (Tab. 1) that although they have 
the same origin (pedigree), they belong to different 
families. The families were different during the 
stabilization process by selecting for specific 
phenotypic characteristics. 
 
Table 2. Some per se of the eight studied inbred lines 
 
Imbred line name 
Grain yeld Yeld 1000 grain wight 
kg ± M1 % ± M1 g ± M1 
TD 337 5275 727* 73 -1.5 214 3.5 
TA 426 5777 1226*** 77 2.5 219 8.5 
TA 428 4715 164 75 0.5 256 45.5*** 
TA 422 2438 -2113000 73 -1.5 153 -57.5000 
Mean -M1 4551 74.5 210.5    
 kg ± M2 % ± M2 g ± M2 
TC 385A 6038 1176*** 78 2.3 259 0.7 
TC 384A 4433 -429 75 -0.7 278 19.7* 
TC 398 4580 -282 77 1.3 232 -26.300 
TC 399 4400 -462 73 -2.7 264 5.7 
Mean -M2 4862 75.7 258.3    













   
 
3. Results and Discussions 
 
Analyzing the character of production (Table 
2) can be seen significant differences between the 
two groups of lines on: grain yeld (4551 to 4862), 
yeld (74.5 to 75.7 cm) as well as 1000 grain wight 
(210.5 to 258.3). Between the lines obtained from Tu 
SRR Comp.A (Comp. B) there is greater variability 
than if lines of the original material which it was Tu 
SRR Comp. B (Comp. A) he three characters; 
therefore we can highlight the existence of 
heterogeneity of composit Tu SRR Comp. A (Comp. 
B). The analysis  
 
of variance for grain yield and grain weight of 1000 
(Table 3) reveal a significant effect of years in 
production hybrids expression, both of those 
resulting from the crossing lines of group A or B, and 
those in the other groups tested. 
By decomposing orthogonal was able to 
highlight the significant differences both between 
hybrids perform the same group between the lines 
and lines of hybrids produced between different 
groups. It observes significant differences very 
negative for grain yield between hybrids [(AxA) – 
(BxA)] and [(BxB) – (BxA)]. 
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Table 3. Analysis of variance and averages hybrids grouped origin of parental lines for production and 
production elements Turda, 2013-2014 
Source of variability DF Grain yield 1000 grain weight 
Mean s2 Mean s2 
Total 223         
Years (y) 1   1236199000**   426547.80** 
Repetitions 3         
Error (A) 3     7977928.00**   7968.40** 
Genotypes (G) 27  8858.28 79777928.00**  268.25  7968.40** 
1.Hybrids between A inbred lines x A 
inbred lines (AxA)a 
(5) 7971.96 11886770.79** 223.22 4309.44** 
2.Hybrids between B inbred lines x B 
inbred lines (BxB)b 
(5) 8208.69 11635168.00** 293.43   888.09** 
3.Hybrids between A inbred lines  x B 
inbred lines (AxB) 
(15) 9480.90 28669234.39** 280.02 1979.90** 
Comparison between hybrid groups: 
(AxA), (BxB), (AxB) 
(2)         
Comparison between hybrids:   
(AxA) and (BxB) 
  -236.73   -70.21   
(AxA) and (AxB)   -1508.94000   -56.80   
(BxB) and (AxB)   -1272.21000   -13.41   
Genotypes x Years 27   1340300.00**   575.10** 
Error (G) 162       
LSD (P5%) 
LSD (P1%) 









The analysis of variance for the number of 
rows / ear and number of kernels / row (Tab.4) shows 
that there are significant differences, both characters 
within each of the groups of hybrids compared. By 
comparison orthogonal note that hybrids perform 
between the lines of group A are significantly 
superior to the number of rows of kernels on the cob, 
both the hybrids produced by crossing between the 
lines of group B as those made by crossing lines of 
both groups (AxB).  
And if these characters distinct influence 
experimental years was significant. 
 
Table 4. Analysis of variance and averages hybrids grouped by modules for parental origin of the elements of 
production lines Turda (2013-2014) 
 
Source of variability DF 
Number of rows / cob Number of grains / row 
Mean s2 Mean ss 
Total 223     
Years (y) 1  10.98**  802.57** 
Repetitions 3     
Error (A) 3  27.57**  61.56** 
Genotypes (G) 27 16.76 27.57** 41.78 61.56** 
1.Hybrids between A inbred lines x A inbred lines 
(AxA)a 
(5) 18.53 8.08** 40.22 22.74** 
2.Hybrids between B inbred lines x B inbred lines 
(BxB)b 
(5) 14.32 10.61** 41.31 64.56** 
3.Hybrids between A inbred lines  x B inbred lines 
(AxB) 
(15) 16.53 6.88** 43.42 17.37** 
Comparison between hybrid groups: (AxA), 
(BxB), (AxB) 
(2)     
Comparison between hybrids: 
(AxA) and (BxB) 
 4.21***  -1.09  
(AxA) and (AxB)  2.00***  -3.2000  
(BxB) and (AxB)  -2.21000  -2.110  
Genotypes x Years 27  1.65**  7.68* 
Error (G) 162     
LSD (P5%) 
LSD (P1%) 
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Calculation of heterosis for grain yield (Fig.1) 
to obtain F1 hybrids between lines from composer Tu 
SRR Comp. A it can be observed that the lower 
values of heterosis under 70% were recorded 
combinations TD 337 x TA 426 and TA 426 x TA 
428; after grouping based on heterosis lines we can 
say that the three lines are genetically similar (după 
Musteaţă and Mistreţ, 2002). 
If TA 428 x 337 TD combination, heterosis is 
between 70-90 percent, falling within group genetic 
lines distant, even if from the same composite lines. 
Lines from crosses between different groups (AxB) 
resulting heterosis hybrids with a greater than 70%. 
High heterosis, over 90% was recorded even in 
case of the crossing of TA 426 x TA 422, TA 428 x 
TA 422 si TD 337 x TA 422, all four lines are 
obtained from composer Tu SRR Comp. A. Because 
of this we can say that the lines are genetically distant 
(even phenotypically the information in (Table 2), 




Figure 1. The calculation of heterosis (%) for grain yield at F1 hybrids between lines 
 
Tu SRR Comp. A (Comp B) in period 2013-2014) 
Grouping based on heterosis lines: 
1) similar - H% <30%;              
3) genetically distant - H% = 70-90% 
2) genetic similar - H% = 30-70%;    
4) alternative groups - H%> 90% [ 10, 2] 
Calculation of heterosis for grain yield (Fig.2) 
F1 hybrids between lines obtained from composer Tu 
SRR Comp. B, it can be seen that the lower values of 
heterosis under 70% were registered to the 
combination TC 384 A x TC 385 A, TC 398 x TC 
385 A si TC 399 x TC 385 A; after grouping the four 
lines on the basis of heterosis lines can be classified 
as genetically similar. If combination TC 399 x TC 
384 A, TC 398 x TC 384 A si TC 399 x TC 398 
heterosis is between 70-90 percent, falling within 
the group distant even if the genetic lines lines 
from the same composite. Calculation of heterosis 
for grain yield (Fig. 3) F1 hybrids between lines 
obtained from different groups (AxB) and lines 
created from Tu SRR Comp. A x Tu SRR Comp.B, it 
can be seen that most crossings values of heterosis 
over 90%, so we can say that lines come from 
alternative heterotic groups, and the resulting hybrid 
crosses with a capacity of high production. It is 
distinguished by the high value of heterosis (> 
140%) combinations: TC 384 A x TA 422, TC 
398 x TA 422 si TC 399 x TA 422. Tu SRR 
Comp. B (Comp A) x Tu SRR Comp. A (Comp.B) in 
period 2013-2014) 
Grouping based on heterosis lines: 
1) similar - H% <30%;            
2) genetic similar - H% = 30-70%;    
3) genetically distant - H% = 70-90% 
4) alternative groups - H%> 90% [10,2] 
Differences between inbred lines compared 
(Table 5) reflect differences in the cumulative effects 
homozygous loci. The differences at the genetic level 
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Figure 3. The calculation of heterosis (%) for grain yield at F1 hybrids between lines 
 
 
As a result, the most pronounced difference in 
the level of gene expression of the additive takes 
place between different groups lines (A or B): TC 399 
– TA 422 (rĝ=-0.98***), TA 426 - TC 384A  (rĝ=-
0.96***),  TA 422 - TC 385A  (rĝ=-0.95***), TA 428 
- TC 399 (rĝ=-0.93***).  
The most pronounced degree of similarity in 
the gene expression resulting additive between the 
lines: TA 428 - TA 422 (rĝ=0.89***), TC 385 A - TC 
399 (rĝ=0.96***), TC 384A - TC 398 (rĝ=0.77***), 
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Table 5. Genetic correlation coefficients between inbred lines 
 TD337 TA426 TA428 TA422 TC385A TC384A TC398 TC399 
TD 337 1 -0.23 -0.27 -0.32    0.17      0.23    0.36 0.21 
TA 426  1   0.55 0.14 0.04 -0.96 -0.62 0.23 
TA 428   1 0.89 -0.81 -0.72 -0.79 -0.93 
TA 422    1 -0.95 -0.37 0.69 -0.98 
TC385A     1 0.18 0.47 0.96 
TC384A       1 0.77 0.44 
TC 398       1 0.65 









1.From the analysis of alternatives if it 
appears that the system in accomplishing cross allele 
production and production elements contributed 
significantly distinct both years and hybrids. 
2.Din orthogonal decompositions variance  
hybrids shows that both crosses lines from Comp B 
and Comp A had the distinct significant influence on 
production and production elements. 
3. Hybrids made of crossing lines with lines 
from Comp. A from Comp. B, F sample shows a 
distinctly significant influence on production and 
production elements. 
4.In calculating the production capacity of 
heterosis is observed that if F1 hybrids between the 
lines of Comp. A, a very low expression of heterosis 
under 70%, just in case combination  TD 337 x TA 
422 and TA 428 x TA 422 of heterosis exceeded 
100%, which shows that these lines although they 
come from the same composite heterosis in crosses 
have a very good. 
5. Heterosis calculated for production and 
some production elements most clearly reveals the 
similarity or difference from part Comp. B lines and 
lines from  he also crosses between lines Comp. B x 
Comp. A.  
6.The most pronounced difference in the 
level of gene expression of the additive takes place 
between different groups lines (A or B): TC 399 – TA 
422 (rĝ=-0,98***), TA 426 - TC 384A  (rĝ=-
0,96***), TA 422 - TC 385A  (rĝ=-0.95***), TA 428 
- TC 399 (rĝ=-0,93***). 
7.The most pronounced degree of similarity 
in the gene expression resulting additive between the 
lines: TA 428 - TA 422 (rĝ=0,89***), TC 385 A - TC 
399 (rĝ=0,96***), TC 384A - TC 398 (rĝ=0,77***), 
TC 398  - TC 399  (rĝ=0,65***). 
8. In some combinations, lack of heterosis is 
explained by the significant correlation between 
additive genetic effects of partner lines, for example  
 
 
TC 384 A x TC 398 that heterosis for yield <70%, 
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